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SUMMARY 

F ive  RTV* s i l i c o n e  p o t t i n g  compounds and f o u r  RTV* s i l i c o n e  

a d h e s i v e / s e a l a n t s  were s e l e c t e d  by JPL cogn izan t  e n g i n e e r  H.  Maxwell 

f o r  s tudy  under s imula t ed  space  c o n d i t i o n s .  Outgass ing  c h a r a c t e r i s t i c s  

of t h e s e  materials w e r e  determined a t  150°C and 5 x lo-" mm Hg. 

condensable m a t e r i a l s  were analyzed by i n f r a r e d  spec t roscopy ;  and any 

v i s u a l  changes such a s  sample darkening and s o f t e n i n g  were no ted .  Under 

t h e s e  c o n d i t i o n s ,  each  RTV s i l i c o n e  m a t e r i a l  evolved  l a r g e  amounts of 

condensable o i l ,  a l t hough  t h e  appearance and p r o p e r t i e s  of t h e  t es t  

specimens remained unchanged. The o i l  w a s  i d e n t i f i e d  by i n f r a r e d  

spec t roscopy as  low molecular weight s i l i c o n e  o i l s  of t h e  same chemical 

t ype  as t h e  RTV compound i t s e l f .  

Outgassed 

Because of t h e  u n d e s i r a b i l i t y  of t h e  o i l ,  v a r i o u s  modified p r e p a r a t o r y  

procedures  were i n v e s t i g a t e d .  Use of l a r g e r  amounts of c u r i n g  agent  i n  

f o r m u l a t i n g  t h e  s i l i c o n e  test specimens was t o t a l l y  i n e f f e c t i v e :  Weight 

loss  c h a r a c t e r i s t i c s  w e r e  very nea r ly  t h e  same a s  t h o s e  f o r  t h e  unmodified 

mater ia l ,  and l a r g e  amounts of o i l  w e r e  evo lved .  P o s t c u r i n g  t h e  r e s i n s  

i n  a f o r c e d  d r a f t  oven f o r  24 hours  a t  150°C was only p a r t i a l l y  success -  

f u l :  Weight l o s s e s  were approximately halved and some o i l  e v o l u t i o n  

took  p l a c e .  

a t  mm Hg w a s  found t o  be completely s u c c e s s f u l ,  inasmuch a s  t h e  o i l  

was e l i m i n a t e d  and weight l o s s e s  were g r e a t l y  reduced .  

F i n a l l y ,  p o s t c u r i n g  of t h e  materials a t  15OoC f o r  24 hours 

*Trademark f o r  General Electr ic  Company's room tempera ture  v u l c a n i z i n g  
s i l i c o n e  r u b b e r s .  
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INTRODUCTION 

The o v e r - a l l  o b j e c t i v e  of t h i s  program i s  t o  provide  a s s i s t a n c e  

t o  t h e  JPL s t a f f  members i n  t h e  development of s p e c i f i c a t i o n s  and 

procedures  for polymeric s p a c e c r a f t  m a t e r i a l s .  This  i n c l u d e s  d e f i n i t i o n s  

of p r o p e r t i e s ,  t e s t s ,  and environments which a r e  s e n s i t i v e  and meaningful,  

and c o l l e c t i o n  of p e r t i n e n t  p r o p e r t y ,  envi ronmenta l ,  and m a t e r i a l s  d a t a  

f o r  u se  i n  s p e c i f i c a t i o n s .  Of p a r t i c u l a r  importance t o  t h i s  program 

a r e  t h e  ou tgass ing  c h a r a c t e r i s t i c s  of va r ious  polymeric m a t e r i a l s  under 

thermal  vacuum c o n d i t i o n s .  The c l a s s e s  of m a t e r i a l s  t o  be examined were 

s e l e c t e d  by t h e  JPL cognizant  e n g i n e e r s .  The f i r s t  class of materials 

examined were t h e  epoxide a d h e s i v e s . l  The second c l a s s  of s e l e c t e d  

m a t e r i a l s - - t h e  s u b j e c t  of t h i s  repor t - -a re  t h e  gene ra l  purpose s i l i c o n e  

r u b b e r s  used a s  p o t t i n g  and adhes ive  compounds, s p e c i f i c a l l y ,  t h e  

Room Temperature Vulcaniz ing  (RTV) compounds of t h e  General E l e c t r i c  

Company. Samples were prepared  and cured  u s i n g  procedures  recommended 

by GE and t h e i r  weight l o s s  c h a r a c t e r i s t i c s  were determined a t  15OoC 

and mm Hg. Th i s  tempera ture  (150OC) approximates t h e  tempera ture  

c u r r e n t l y  recommended f o r  t h e  s t e r i l i z a t i o n  of s p a c e c r a f t .  In  a d d i t i o n ,  

t h e  v o l a t i l e  condensable o i l s  were ana lyzed  t o  de te rmine  t h e i r  sou rce  

( i . e . ,  a d d i t i v e s ,  c h a i n  deg rada t ion ,  e t c . )  s o  t h a t  improvements i n  t h e  

materials or i n  t h e i r  p rocess ing  c o n d i t i o n s  could  be recommended. 

lDevelopment of M a t e r i a l  S p e c i f i c a t i o n s  and Q u a l i f i c a t i o n s  of Polymeric 
Materials for t h e  JPL Spacec ra f t  Materials Guidebook, S p e c i a l  Report  
N o .  I .  Epoxide Adhesives.  
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EXPERIMENTAL 

Materia 1 s 

I 

I 

RTV s i l i c o n e s  11, 6 0 ,  511, 560, 615 ,  102 ,  106 ,  108, and 112 were 

ob ta ined  from Mr. Red Baurmeis te r ,  S i l i c o n e  Products Department, General  

E lec t r ic  Company, 1201 Bryant S t r e e t ,  San F r a n c i s c o .  A l l  materials 

were s t o r e d  under r e f r i g e r a t i o n  t o  minimize s i d e  r e a c t i o n s .  The p o t t i n g  

compounds a re  l i q u i d s  or p a s t e s  which c u r e  on a d d i t i o n  of a c a t a l y s t  t o  

form t h e  s o l i d  r u b b e r .  The c a t a l y s t  used f o r  a l l  p o t t i n g  compounds 

(except  RTV-615 which i s  supp l i ed  w i t h  i t s  own c a t a l y s t )  was Thermolite-12 

(T-12) which is d i b u t y l  t i n  d i l a u r a t e .  The composition of t h e s e  compounds, 

a s  w e l l  a s  t h e  weights  and s u r f a c e  a r e a s  of t h e  cor responding  test  specimens,  

a r e  summarized i n  Table I .  The a d h e s i v e / s e a l a n t s  a r e  one-package s i l i c o n e  

rubbe r s  t h a t  c u r e  on c o n t a c t  w i t h  a tmospher ic  moi s tu re .  N o  composition 

d a t a  were o b t a i n e d  on t h e s e  materials s i n c e  they  c u r e  r a p i d l y  when 

exposed t o  a i r .  

P r e p a r a t i o n  of T e s t  Samples 

T e s t  samples of t h e  s i l i c o n e  p o t t i n g  compounds were c a s t  i n t o  sha l low 

cups f a b r i c a t e d  from aluminum f o i l .  To  ensu re  a uniform sample s i z e ,  

t h e s e  cups were formed around a c y l i n d r i c a l  g l a s s  t e m p l a t e  3 . 0  c m  i n  

d i ame te r .  

s i d e s  of t h e  cups r e i n f o r c e d  w i t h  a t h i n  s t r i p  of masking t a p e .  Sur face  

a r e a s  of t h e  test specimens were c a l c u l a t e d  on t h e  assumption t h a t  

they  were p e r f e c t  c y l i n d e r s  having a s u r f a c e  a r e a ,  A = 2rrr(r + h ) ;  r ,  

t h e  r a d i u s  of t h e  test  specimen, and h ,  i t s  h e i g h t ,  were measured 

d i r e c t l y .  

The cups were trimmed t o  a dep th  of 0 .64  c m  ($- inch)  and t h e  

T e s t  samples of t h e  s i l i c o n e  adhes ives  were c a s t  d i r e c l y  on s t r i p s  

of 1 1 - m i l  A lc l ad  2024-T3 aluminum, 2 .7  c m  wide and 11 c m  l o n g ,  which 

had been degreased  p r i o r  t o  iise by wip ing  w i t h  ch lc ro f s rm.  S u r f i c e  

a r e a s  were c a l c u l a t e d  d i r e c t l y  from t h e  measured l e n g t h  and wid th  of 

t h e  test specimen. An a t t empt  was made t o  c a s t  t h e  s i l i c o n e  adhes ives  

i n t o  c u p s ,  s o  t h a t  t h e  da t a  obta ined  f o r  t h e  adhes ives  would be comparabie 

3 



w i t h  t h o s e  f o r  t h e  p o t t i n g  compounds. I t  was found,  however, t h a t  t h e  

s i l i c o n e  adhes ives  d i d  not  c u r e  completely i n  t h i c k  s e c t i o n s .  

I n  g e n e r a l ,  t h e  s i l i c o n e  mixtures  were prepared  i n  t h e  fo l lowing  

manner. The r e q u i r e d  amount of Thermolite-12 c a t a l y s t  (T-12) was added 

t o  1 0  g of t h e  s i l i c o n e  l i q u i d  or p a s t e  i n  a 50 n i l  b e a k e r ,  and mixed 

thoroughly  w i t h  a s t a i n l e s s  steel s p a t u l a .  This  mix tu re  was deae ra t ed  

by p l a c i n g  it  i n  a vacuum oven a t  room tempera ture  and d e c r e a s i n g  t h e  

p r e s s u r e  slowly t o  avo id  s p a t t e r i n g .  When bubbles  no longe r  r o s e  t o  

t h e  s u r f a c e  ( g e n e r a l l y  1 5  t o  20 min) t h e  mixture  was removed from t h e  

vacuum oven and poured g e n t l y  i n t o  t h e  aluminum f o i l  cups t o  avoid  a i r  

en t rapment .  The t es t  samples were allowed t o  c u r e  a t  room tempera ture  

f o r  about  1 week be fo re  u s e .  R e l a t i v e  humidity w a s  no t  c o n t r o l l e d  

u n l e s s  o the rwise  no ted .  D e t a i l s  of t h e  p r e p a r a t i o n s  of t h e  va r ious  t es t  

specimens are g iven  below. 

RTV 11 and 6 0  - The s i l i c o n e  mixture  w a s  p repa red  by thoroughly  

mixing 10  g of t h e  s i l i c o n e  l i q u i d  and 0 .01  g (0 .1% by weight )  of T-12 

i n  a s m a l l  beake r .  A f t e r  d e a e r a t i o n ,  t h e  mixture  w a s  poured i n t o  

aluminum f o i l  sample cups and allowed t o  c u r e  f o r  e i g h t  days a t  room 

t empera tu re .  

RTV 511 and 560 - The s i l i c o n e  mixture  was p repa red  by thoroughly  

mixing 10  g of t h e  s i l i c o n e  l i q u i d  and 0 .02  g (0 .2% by weight) T-12 i n  

a smal l  beaker .  A f t e r  d e a e r a t i o n  t h e  sample w a s  cu red  f o r  one week i n  

a d e s i c c a t o r  he ld  a t  room tempera ture  and 50% r e l a t i v e  humidi ty .*  

RTV 615 - The s i l i c o n e  mixture was prepared  by thoroughly  mixing 

1 0  g of RTV 615 A w i t h  1 g of RTV 615 B.  A f t e r  mixing and d e a e r a t i o n ,  

t h e  m a t e r i a l  was poured i n t o  aluminum cups and cu red  a t  room tempera ture  

f o r  7 days .  

~ 

*50% r e l a t i v e  humidity was maintained by f i l l i n g  t h e  bottom s e c t i o n  of 
t h e  d e s i c c a t o r  w i t h  a s a t u r a t e d  s o l u t i o n  of Ca(NOa), *4H20. 
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RTV Adhesive/Sealants (102, 106, 108 ,  and 112) - A l l  of t h e s e  one- 

p a r t  m a t e r i a l s  were used d i r e c t l y  from t h e  tube  and prepared  i n  t h e  same 

way, i . e . ,  t h e  m a t e r i a l  was spread w i t h  a s p a t u l a  on to  c l e a n  aluminum 

coupons t o  a t h i c k n e s s  of approximately 10 m i l s  and was cured  for one 

week a t  room tempera ture  and 50% r e l a t i v e  humidi ty .*  

I- 

Equipment 

The vacuum system ( F i g .  1) which u t i l i z e s  a mechanical roughing 

pump ( c a p a c i t y ,  140 l i t e r s  per  minute) and a mercury d i f f u s i o n  pump, 

can ach ieve  r o u t i n e  p r e s s u r e s  of 1-3 x mm Hg. P r e s s u r e s  were 

measured w i t h  a n  ion  gauge (Consolidated Vacuum Corp . )  c a l i b r a t e d  f o r  

p r e s s u r e s  of 0 .025  mm t o  mm Hg. The test specimens were p laced  

i n  modified r e s i n  k e t t l e s  ( F i g .  2)  which were hea ted  by o i l  b a t h s .  

The o i l  b a t h s  c o n s i s t e d  of s t a i n l e s s  steel  beake r s  f i l l e d  w i t h  Dow 

S i l i c o n e  o i l  No. 550 and hea ted  by r e s i n  k e t t l e  h e a t i n g  man t l e s .  The 

ba th  tempera tures  were c o n t r o l l e d  by Thermistemp tempera ture  c o n t r o l l e r s  

(Yellow S p r i n g s  Instrument C o . ,  Model 63RA), and t h e  power t o  t h e  h e a t i n g  

mant les  w a s  supp l i ed  by a v a r i a b l e  t r a n s f o r m e r .  This  arrangement main- 

t a i n e d  t h e  o i l  b a t h s  a t  * 2OC of t h e  d e s i r e d  t empera tu re .  I n  gene ra l  

t h e  b a t h  t empera tu res  were he ld  about f i v e  degrees  h i g h e r  t o  ma in ta in  

t h e  d e s i r e d  sample tempera ture .  The tempera ture  of t h e  o i l  b a t h s  w a s  

measured d i r e c t l y  by a mercury thermometer suspended i n  t h e  b a t h ;  t h e  

t empera tu re  i n s i d e  t h e  r e s i n  pot  w a s  determined from a thermocouple wire 

i n s e r t e d  i n t o  t h e  thermocouple tube which extended i n t o  t h e  r e s i n  p o t .  

Temperature measurements were made u s i n g  a Leeds and Northrup tempera ture  

po ten t iome te r  which r ead  d i r e c t l y  i n  degrees  c e n t i g r a d e .  (Measurements 

were a c c u r a t e  t o  approximate ly  f 0 . 5 ' C . )  

t o  a conven t iona l  t r a p  cooled wi th  l i q u i d  n i t r o g e n  which could  be 

i s o l a t e d  from t h e  rest of t h e  s y s t e m  so t h a t  i t s  c o n t e n t s  cou ld  be 

t r a n s f e r r e d  i n t o  a g l a s s  sample bulb  s u i t a b l e  f o r  a n a l y t i c a l  t echnq iues  

sild1 as  i n f r a r e d ,  inass spec t romet ry ,  e t c  . 

The r e s i n  po t  l e d  d i r e c t l y  

5 
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To determine weight l o s s ,  the tes t  specimens were removed from the  

s y s t e m  and weighed on a Mettler "H" b a l a n c e ,  a c c u r a t e  t o  5 0.05 mg. 

Although cont inuous  weighing under vacuum i s  recognized a s  a s u p e r i o r  

method, t h e  p r e s e n t  system can accommodate f o u r  d i f f e r e n t  s amples  a t  

one t i m e ,  and t h u s  permi ts  r ap id  s c r e e n i n g  of m a t e r i a l s  as  r e q u e s t e d  

by J P L  i n  t h i s  p r o j e c t .  

Thermal Vacuum T e s t i n g  Procedure 
~~ - 

Each cured  RTV p o t t i n g  compound w a s  removed from i t s  aluminum cup 

and weighed t o  t h e  n e a r e s t  0 . 0 1  mg b e f o r e  t e s t i n g ;  t h e  a d h e s i v e / s e a l a n t s  

were l e f t  on t h e  aluminum s t r i p s ,  which had been weighed p r i o r  t o  

c o a t i n g .  

approximate ly  5 x mm Hg for t o t a l  exposures  of 150-200 h o u r s .  A t  

approximate ly  24-hour i n t e r v a l s ,  t h e  samples were removed for weighing .  

The tempera ture  of t h e  o i l  b a t h  and of t h e  i n t e r i o r  of t h e  r e s i n  p o t ,  

a s  w e l l  a s  t h e  p r e s s u r e  of t h e  s y s t e m ,  w e r e  recorded  a t  t h i s  t i m e .  

The samples were removed from the  r e s i n  pot  w i t h  f o r c e p s  and a l lowed t o  

c o o l ,  then  weighed t o  t h e  nea res t  0 . 0 1  mg, and r e t u r n e d  t o  t h e  s y s t e m ,  

which was immediately re-evacuated and t h e  t e s t i n g  con t inued .  

The RTV s i l i c o n e  samples w e r e  t h e n  t e s t e d  a t  150°C and 

The f o l l o w i n g  raw d a t a  were recorded  f o r  each  t e s t :  ( 1 )  i n i t i a l  

weight and dimensions of t h e  cured test  specimens; (2 )  weight of t h e  test 

specimens t o  t h e  n e a r e s t  0 .01  mg a t  24-hour i n t e r v a l s ;  (3) tempera ture  

of t h e  sys tem;  ( 4 )  any changes i n  c o l o r  or o t h e r  phys i ca l  p r o p e r t i e s  of 

t h e  sample; and (5) obse rva t ions  r e l a t i n g  t o  outgassed  m a t e r i a l s ,  such  

as condensable o i l s  on the  i n s i d e  of t h e  head of t h e  r e s i n  p o t ,  above 

t h e  l e v e l  of h e a t i n g .  Note: i f  enough of t h e  o i l  had evolved ,  an  

I R  spectrum of t h e  m a t e r i a l  w a s  ob ta ined  w i t h  a Perkin-Elmer 221 I n f r a r e d  

Spec t rophotometer .  

.- 
Modi f i ca t ion  of Cur ing  Processes  

L 
- r o s t c u r i n g  of s i l i c o n e  sampies  w a s  per f  o r m e c i  i n  a f o r c e d  d r a f t  oven 

a t  150°C f o r  24 hours  ( a s  recommended by GE f o r  t h i c k  samples) .  
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Vacuum p o s t c u r i n g  of s i l i c o n e  samples was performed i n  t h e  same 

vacuum s y s t e m  used i n  sample t e s t i n g .  Pos t cu res  were made a t  15OoC 

and mm f o r  a d u r a t i o n  of 24-hours. Samples were s t o r e d  i n  a i r  

f o r  two days be fo re  thermal vacuum t e s t i n g .  

The e f f e c t  of a h ighe r  l e v e l  of c u r i n g  agent  i n  s e v e r a l  of t h e  

RTV s i l i c o n e  r e s i n s  w a s  examined. The w e  ght pe rcen t  of T-12 and RTV 

s i l i c o n e s  w a s  r a i s e d  from 0 . 1  - 0.2% t o  0 5%, t h e  maximum c a t a l y s t  

c o n t e n t  recommended by GE and the  samples were cured  i n  t h e  usua l  way 

RESULTS 

The s i l i c o n e  m a t e r i a l s  examined i n  t h i s  study a r e  l i s t e d  i n  Table  I 

a l o n g  w i t h  t h e  s i z e  and weight of t h e  sample t e s t e d .  

In  g e n e r a l ,  t h e  weight l o s s  of heterogeneous materials under vacuum 

is dependent on t empera tu re ,  on t h e  amount and type  of v o l a t i l e  materials 

p r e s e n t  i n  t h e  sample ,  and on the  geometry of t h e  tes t  specimen. Because 

of t h e  s e n s i t i v i t y  t o  sample s i z e  and geometry, weight l o s s e s  are 

r e p o r t e d  both  a s  p e r c e n t  (of t o t a l  sample weight )  and a s  a b s o l u t e  weight 

l o s s  pe r  u n i t  s u r f a c e  area of the t e s t  specimen ( g  cm-2). The change i n  

weight l o s s  w i t h  s u r f a c e  a r e a  i s  not  w e l l  d e f i n e d ,  and no rma l i za t ion  of 

weight l o s s e s  t o  a f i x e d  sample  s i z e  i s  not  f e a s i b l e .  Th i s  s i t u a t i o n  

i s  complicated f u r t h e r  by t h e  presence of two s e p a r a t e  p rocesses  i n  

weight l o s s  measurements. The f i r s t  i s  t h e  deso rp t ion  of s u r f a c e  

con taminan t s ,  such  as water and CO, ; t h e  second i s  t h e  ou tgass ing  of 

v o l a t i l e  materials e n t r a i n e d  wi th in  t h e  t es t  specimen, such  as s o l v e n t s  

and unreac ted  m a t e r i a l .  I f  t h e  amount of s u r f a c e  contaminat ion  is  

i a r g e  compared w i t h  t h e  amount of m a t e r i a l  d i f f u s i n g  from w i t h i n  t h e  

test  specimen and i f  d i f f u s i o n  i s  compara t ive ly  s low,  t h e  weight l o s s  

c u r v e s  f o r  heterogeneous m a t e r i a l s  w i l l  be of t h e  form shown i n  t h e  

7 



f i g u r e  below ( s o l i d  l i n e ) .  

1 -  

I- 

W t  L o s s  

I f ,  on t h e  o t h e r  hand, 

Time 

t h e  weight loss i s  p r i m a r i l y  from t h e  d i f f u s i o n  

of m a t e r i a l  from w i t h i n  t h e  t es t  specimen, t h e  shape of t h e  weight l o s s  

curve  w i l l  approach the  loga r i thmic  form c h a r a c t e r i s t i c  of d i f f u s i o n  

p rocesses  (dashed l i n e ) .  The RTV s i l i c o n e s ,  cured a s  recommended by the  

manufacturer  , evo lve  r a t h e r  l a r g e  q u a n t i t i e s  of low molecular  weight  

s i l i c o n e  o i l s .  For t h i s  r eason  the form of the  weight l o s s  cu rves  f a l l s  

between t h o s e  shown above. Th i s  i s  r e f l e c t e d  i n  t h e  long  t i m e  r e q u i r e d  

f o r  t h e  weight  l o s s e s  of t h e s e  m a t e r i a l s  t o  become l i n e a r ,  i . e . ,  t o  

achieve  a s t e a d y  s t a t e .  Af te r  about 100 h o u r s ,  however, a good l i n e a r  

r e l a t i o n s h i p  i s  o b t a i n e d ,  and t rea tment  of d a t a  acco rd ing  t o  t h e  two- 

p a r t  curve  i s  adequa te .  

The r e s u l t s  of ou tgass ing  s t u d i e s  on t h e  RTV s i l i c o n e s  a re  b e s t  

p r e s e n t e d  i n  bo th  t a b u l a r  and g raph ica l  form.  Two weight - loss  curves  are  

provided  f o r  each  material  t e s t e d ;  one cu rve  shows t h e  weight l o s s e s  a s  

pe rcen tages ,  t h e  o t h e r  shows weight l o s s e s  i n  g cm-" x lo4. From t h e s e  

c u r v e s ,  s e v e r a l  parameters  are e s t ima ted  g r a p h i c a l l y .  

If t h e  p l o t  of material  loss  ve r sus  t i m e  i s  assumed t o  have t h e  

form : 

3 

m 
cn 
0 
4 

A 
t, 
G 
M 
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1. Steady S t a t e  (SS) i s  represented  by t h e  l i n e a r  p o r t i o n  (BC) of t h e  
cu rve .  

2 .  I n i t i a l  Weight LOSS is  t h e  zero-time i n t e r c e p t  of t h e  l i n e a r  p o r t i o n  
of t h e  weight l o s s  curve ( A ) .  

3 .  Time u n t i l  S teady  S t a t e  i s  t h e  time r e q u i r e d  b e f o r e  t h e  weight loss  
becomes l i n e a r  ( 7 ) .  

4 .  Steady S t a t e  L o s s  R a t e  is given by t h e  s l o p e  of t h e  l i n e a r  p o r t i o n  
of t h e  weight l o s s  curve ( A W / A t ) .  

These parameters  a r e  extremely u s e f u l  i n  summarizing the  performance 

of a material under thermal vacuum c o n d i t i o n s ,  and a r e  inc luded  i n  t a b l e s  

fo l lowing  each  graph .  I n  a d d i t i o n ,  t h e  o u t g a s s i n g  c h a r a c t e r i s t i c s  of 

s e v e r a l  of t h e  RTV s i l i c o n e s  have been p l o t t e d  as  a pure d i f f u s i o n  

process  ( f u l l  l o g a r i t h m i c )  f o r  comparison. I t  w i l l  be noted t h a t  

where t h e  weight l o s s e s  a r e  l a r g e ,  e . g . ,  RTV 511 and 560, t h e  o u t g a s s i n g  

i s  almost e n t i r e l y  a d i f f u s i o n  e f f e c t ;  where t h e  weight l o s s e s  a r e  

smaller, s u r f a c e  e f f e c t s  become important and a l i n e a r  r e l a t i o n s h i p  is 

no longe r  observed .  

I t  i s  i n t e r e s t i n g  t o  no te  t h a t ,  d e s p i t e  t h e  l a r g e  weight l o s s e s  of 

t h e  s i l i c o n e  materials,  none of t h e  samples t e s t e d  e x h i b i t e d  any c o l o r  

changes or n o t i c e a b l e  a l t e r a t i o n s  i n  p h y s i c a l  p r o p e r t i e s .  

The weight l o s s  curves  of t h e  RTV p o t t i n g  compounds a r e  shown i n  

F i g s .  3 and 4 .  I n  F i g .  5 ,  t h e  a b s o l u t e  weight loss  p e r  c m 2  of s u r f a c e  

area is  p l o t t e d  l o g a r i t h m i c a l l y  a s  mentioned above. Table I1 i n c l u d e s  

t h e  weight l o s s  parameters  a s  def ined  above f o r  t h e s e  m a t e r i a l s .  The 

parameters  have been c a l c u l a t e d  on a l eas t  squa res  b a s i s  assuming 

l i n e a r i t y  a f t e r  100 h o u r s .  The t imes  t o  s t e a d y  s ta te  a r e ,  of c o u r s e ,  

approximate .  

The weight l o s s  d a t a  on t h e  RTV adhes ives  are  no t  d i r e c t l y  comparable 

w i t h  those  on t h e  p o t t i n g  compounds. For t h i s  r eason  t h e  d a t a  on t h e  

adhes ives  are t r e a t e d  s e p a r a t e i y .  F igu res  6 and 7 s h w  t h e  weight l o s s  

cu rves  of t h e s e  m a t e r i a l s ;  Table I11 summarizes t h e  weight l o s s  pa rame te r s .  
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The weight l o s s  curves  of four  RTV p o t t i n g  compounds t h a t  were 

pos tcured  a t  150°C f o r  24 hours  i n  a i r  be fo re  thermal  vacuum t e s t i n g  

w a s  performed are  shown i n  F i g .  8 and summarized i n  Table  I V .  Comparison 

of t h e s e  curves  w i t h  those  f o r  the same m a t e r i a l s  no t  pos t cu red  ( F i g .  4) 

shows t h a t  weight l o s s e s  have been reduced by about 50%. This  t r ea tmen t  

was not  s a t i s f a c t o r y  because condensable o i l s  s t i l l  evolved  d u r i n g  thermal  

vacuum t e s t i n g .  

N o  long  term q u a n t i t a t i v e  da ta  are r e p o r t e d  on t h e  r e s u l t s  of r a i s i n g  

t h e  c u r i n g  agent  c o n t e n t  of t h e  RTV s i l i c o n e  materials t o  0.5%. Only 

a few hours  a f t e r  t e s t i n g  w a s  begun, i t  was observed t h a t  l a r g e  amounts 

of o i l  evolved from t h e  test specimens and weight l o s s e s  a f t e r  24 hours  

were found t o  be almost i d e n t i c a l  w i t h  t h o s e  of t h e  samples c o n t a i n i n g  

a lower l e v e l  of c a t a l y s t .  I t  was  obvious t h a t  t h i s  m o d i f i c a t i o n  w a s  

completely u n s a t i s f a c t o r y ,  and t h e r m a l  vacuum t e s t i n g  w a s  d i scon t inued  

a f t e r  on ly  48 hour s .  

As t h e  o i l  observed i n  these  exper iments  cou ld  not  be e l i m i n a t e d  

chemica l ly ,  i . e . ,  by methods designed t o  e n s u r e  b e t t e r  c u r e ,  it was 

necessary  t o  remove i t  p h y s i c a l l y ;  t h e  obvious means f o r  t h i s  was by 

s u b j e c t i n g  the  t e s t  specimens t o  thermal  vacuum t r ea tmen t  f o r  24-hours 

b e f o r e  t e s t i n g .  Cons iderable  o i l  e v o l u t i o n  took  p l a c e  d u r i n g  t h e  f i r s t  

f e w  hours of t h e  thermal  vacuum p o s t c u r e ,  bu t  t h i s  appeared t o  s t o p  

w i t h i n  24-hours.  These samples were allowed t o  s t a n d  i n  a i r  f o r  t h r e e  

days  t o  re -adsorb  s u r f a c e  contaminants s o  t h a t  they  would be comparable 

t o  t h e  o t h e r  samples ,  t h e n  they  were thermal  vacuum t e s t e d  i n  t h e  u s u a l  

way. Th i s  t r ea tmen t  was q u i t e  s u c c e s s f u l ,  a s  may be  seen  from F i g .  9 and 

Tab les  V and V I .  Not on ly  were a l l  weight l o s s e s  g r e a t l y  reduced ,  bu t  

t h e  v o l a t i l e  condensable o i l  had been e l i m i n a t e d .  F igu re  10  shows weight 

l o s s  curves  of RTV 60 f o r  each  type of t r e a t m e n t ;  t h e  thermal  vacuum 

or "space" p o s t c u r i n g  i s  t h e  most e f f e c t i v e .  I t  i s  r e a l i z e d ,  however, 

t h a t  t h i s  method might not be f e a s i b l e  f o r  many a p p l i c a t i o n s  of t h e  RTV 

s i l i c o n e  m a t e r i a l s .  
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I d e n t i f i c a t i o n  of Condensable O i l  from S i l i c o n e  P o t t i n g  Compounds 

As mentioned p r e v i o u s l y ,  large amounts of a c lear ,  s t raw-colored  

o i l  were evolved from t h e  s i l i c o n e  p o t t i n g  compounds d u r i n g  t e s t i n g  a t  

15OoC and lo-" mm Hg. 

t empera ture  reached  13O-14O0C and a p p a r e n t l y  cont inued  f o r  s e v e r a l  hours  a 

I n  t h e  case of RTV 511, enough of t h i s  ou tgassed  o i l  w a s  a v a i l a b l e  f o r  

an I R  spectrum. (A d rop  of o i l  was p l aced  between two NaCl d i s c s ,  and 

t h e  i n f r a r e d  spectrum recorded  on a Perkin-Elmer 221 Spec t rophotometer . )  

This  spectrum w a s  i d e n t i c a l  t o  t h a t  of RTV 511 i n d i c a t i n g  t h a t  t h e  o i l  

i s  low molecular  weight s i l o x a n e  of s imi la r  s t r u c t u r e .  I R  s p e c t r a  are 

shown i n  F i g .  11. I t  w a s  o r i g i n a l l y  f e l t  t h a t  t h e s e  o i l s  were unreac ted  

s i l i c o n e  f ragments  and a n  a t t empt  was made t o  e l i m i n a t e  them by  i n c r e a s i n g  

t h e  ca ta lys t  l e v e l  i n  t h e  s i l i c o n e  m i x t u r e s .  This  t r ea tmen t  w a s  no t  

e f f e c t i v e  a s  i n d i c a t e d  above. Thin f i l m  s t u d i e s  w e r e  t h e n  made and 

t h e s e  d a t a  showed no s t r u c t u r a l  changes occurred  i n  t h e  i n f r a r e d  s p e c t r a  

of t h e  RTV s i l i c o n e s  hea ted  a t  150°C under vacuum f o r  s e v e r a l  hundred 

h o u r s ;  t h e r e f o r e  t h e s e  o i l s  a r e  not deg rada t ion  p r o d u c t s .  I t  was 

concluded on t h e  b a s i s  of t h e s e  da t a  and our fo rmula t ion  expe r i ence  

t h a t  t h e s e  o i l s  were low molecular weight s i l i c o n e s ,  added i n  f o r m u l a t i o n ,  

t o  s e r v e  a s  p l a s t i c i z e r s  and v i s c o s i t y  c o n t r o l l e r s . *  They are of t h e  

same t y p e  as t h e  s i l i c o n e ,  i . e . ,  dimethyl s i l i c o n e  o i l s  i n  t h e  c a s e  of 

dimethyl s i l i c o n e s ,  and phenyl-methyl f o r  t h e  phenyl-methyl based  

s i l i c o n e s .  

Evolu t ion  of t h i s  o i l  began when t h e  b a t h  

*This i s  c o n s i s t e n t  w i t h  t h e  f a c t  t h a t  t h e  low molecular weight  o i l s  
are  added t o  reduce  v i s c o s i t y ,  high weight l o s s e s  were observed f o r  
t h e  lower v i s c o s i t y  m a t e r i a l s .  
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Table I1 

I- 

I n i t i a l  Weight Loss Weight Loss Rate  E s t .  t i m e  
RTV t o  s t eady  

Material g cm-2 x 104 percent  g cm-2 hr-1 x 10" Yd100 hr s t a t e  h r s  

511 107 4 .33  5 . 2  0 .21  75 

56 0 93 .4  3.36 2 .7  0.10 35 

11 7 2 . 5  2 .72  4 . 8  0.18 55 

615 44 .8  1 . 9 3  4 .2  0.18 70 

60  49 .0  1 . 6 2  1 . 7  0.06 55 

WEIGHT LOSS PARAMETERS OF RTV SILICONE POTTING COMPOUNDS 
(150°C and 5 x mm Hg) 

RTV 
Material 

112 

108 

106 

102 

I n i t i a l  Weight L o s s  

g cm-" x 104 percent  

1 4 . 0  6 . 0 7  

11.8 5 .90  

7 . 4  5 .42  

1 6 . 8  5 .95  

Table 111 

Weight Loss Rate 

g c m q 2  hr- l  x 106 %/lo0 h r  

0 . 1  0 .07 

0 . 1  0 . 1 1  

0 . 3  0.09 

0 . 1  0.05 

WEIGHT LOSS PARAMETERS OF RTV SILICONE ADHESIVE SEALANTS 
(150°C and 5 x mm H g )  

E s t  . t i m e  
t o  s t eady  
s t a t e  h r s  

100 

100 

100 

100 
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Table I V  

Weight Loss Rates 

g cm-' hr- l  x lo6 %/lo0 h r  

0.8 0.04 

2.6 0.21 

1.0 0.03 

2.8 0.16 

WEIGHT LOSS PARAMETERS OF SELECTED POSTCURED SILICONES 
(15C°C and 5 x mm Hg) 

E s t .  time 
t o  s t eady  

s t a t e  

80 

80 

95 

100 

I -  

S i l i c o n e  

60 

11 

56 0 

511 

I -  

g cm-2 x 104 

20.7 

26.6 

50.0 

47.1 

1 I n i t i a l  Weight Loss 

I n i t i a l  Weight Loss 

g cm-a x le percent  

10.4 0 . 3 5  

11.3 0.46 

14.1 0 . 5 2  

17.9 0.78 

Weight Loss Rates  

g cm-" hr-I x 106 %/100 h r  

0.0 0.01 

0.2 0.01 

3.3 0.11 

0.8 0.10 

percent  

I n i t i a l  Weight Loss 

g cm-a x le percent  

10.4 0 . 3 5  

11.3 0.46 

14.1 0 . 5 2  

17.9 0.78 

0.82 

1.21 

1.71 

1.88 

Weight Loss Rates  

g cm-" hr-I x 106 %/100 h r  

0.0 0.01 

0.2 0.01 

3.3 0.11 

0.8 0.10 

Weight 
a f t e r  % w t  
pos t -  Lost 

c u r i n g  

Table V 

W t  a f t e r  Over -a 1 1 
w t .  loss 

Gained 
Pr, w t  3 days 

i n  a i r  % 

WEIGHT LOSS PARAMETERS OF SELECTED VACUUM POSTCURED RTV SILICONES 
(15OOC and 5 x mm Hg) 

4.61465 

5.61990 

5.59112 

S i  1 icone 

1.53 4.61595 0.03 1.50 

1.06 5.62569 0.08, 0.97, 

1.16 5.59573 0.08 1.08 

S i  1 icone 

615 

11 

60 

56 0 

RTV 60 

RTV 560 

RTV 11 

RTV 615 

4.68625 

5.68011 

5.65682 

4.61445 

RTV 60 

RTV 560 

RTV 11 

RTV 615 

4.47032 
I I 

3.12 4.47225 0.06 3 .06 

Table V I  

WEIGHT CHANGES DURING VACUUM POSTCURE CYCLE 

Or i gina 1 

u n t r e a t e d  
sample 

S i  1 icone 
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DISCUSSION 

S i l i c o n e  r u b b e r s  have found wide a p p l i c a t i o n  i n  s p a c e c r a f t  bo th  a s  

adhes ives  and as  p o t t i n g  compounds. T h e i r  u s e f u l n e s s  i s  based p r i m a r i l y  

on t h e i r  e x c e l l e n t  thermal  s t a b i l i t y ;  commercial m a t e r i a l s  i n  vacuo are 

s t a b l e  t o  approximate ly  2OO0C and v e r y  pure s i l o x a n e  polymers may be 

s t a b l e  t o  40OoC. 

polymers w i l l  be found i n  Appendix A .  I t  i s  immediately c l e a r  t h a t  

m a t e r i a l  deg rada t ion  is  not  a n  important f a c t o r  i n  de te rmining  t h e  

thermal  vacuum p r o p e r t i e s  of t hese  m a t e r i a l s  a t  15OoC. 

-- 

A b r i e f  d i scuss ion  of t h e  chemis t ry  of s i l i c o n e  

Desp i t e  t h i s ,  a l l  f i v e  RTV s i l i c o n e  p o t t i n g  compounds, RTV 6 0 ,  11, 

560, 511, and 615 performed poor ly  under thermal  vacuum cond i t ions - -  

l a r g e  amounts of condensable o i l s  evolved .  The o u t g a s s i n g  c h a r a c t e r i s t i c s  

of t h e s e  m a t e r i a l s  a r e  shown i n  F igs .  3 and 4 ,  and summarized i n  Table 

111 ;  40-80 hours w e r e  r e q u i r e d  t o  achieve  a s t e a d y  s t a t e ;  i n i t i a l  weight 

l o s s e s  ranged from 1 .6 -4 .3% and r a t e s  were of t h e  o r d e r  of 0.1-0.2% p e r  

hundred hour s .  

These l a r g e  weight l o s s e s  l e d  u s  t o  q u e s t i o n  whether t h e s e  m a t e r i a l s  

were completely cu red .  The t e s t  specimens employed i n  t h i s  s tudy  were 

r e l a t i v e l y  t h i c k ,  on t h e  o r d e r  of i n c h .  For  samples of 4 i nch  or more 

i n  t h i c k n e s s ,  t h e  manufacturer recommends h e a t i n g  t h e  m a t e r i a l  t o  s e r v i c e  

tempera ture  t o  speed  up t h e  c u r e . *  For t h i s  r e a s o n ,  s e v e r a l  of t h e  RTV 

s i l i c o n e  p o t t i n g  compound tes t  specimens were pos t cu red  f o r  24 hours  a t  

s e r v i c e  tempera ture  (15OOC) before  they  underwent thermal vacuum t e s t i n g .  

I t  was found t h a t  t h e s e  materials gave somewhat b e t t e r  performance t h a n  

t h o s e  which had been cu red  a t  room t empera ture  o n l y .  Weight l o s s e s  

dec reased  about f i f t y  pe rcen t  , but t h i s  p re t r ea tmen t  d i d  not prevent  t h e  

e v o l u t i o n  of r a t h e r  l a r g e  amounts of low molecular  weight s i l i c o n e  o i l .  

*GE Technica l  Data Book, S-3B1 Page 1 0 .  
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Because of t h e  t h i c k n e s s  of t h e  tes t  specimens,  minimum amounts of 

t he  c a t a l y s t  (T-12) had been employed i n  p r e p a r i n g  t h e  s i l i c o n e  m i x t u r e s ,  

as recommended by t h e  manufac turer .  T-12 is  cons ide red  a v e r y  r e l i a b l e  

c a t a l y s t ,  bu t  i t  was of i n t e r e s t  t o  see i f  a more complete c u r e  cou ld  be 

ob ta ined  by u s i n g  a l a r g e r  amount i n  fo rmula t ing  t h e  test  specimens.  

T h e r e f o r e ,  t h e  c a t a l y s t  l e v e l  i n  s e v e r a l  p o t t i n g  compounds w a s  r a i s e d  from 

t h e  0 .1-0 .2% range  t o  0.5%.*  I t  was found t h a t  t h i s  had v i r t u a l l y  no 

e f f e c t  on t h e  thermal  vacuum behavior of t h e  s i l i c o n e  p o t t i n g  compounds, 

and a f t e r  48 hours  t e s t i n g ,  t h i s  approach was abandoned. 

I t  w a s  apparent  from t h e s e  pos t cu r ing  s t u d i e s  t h a t ,  a l t hough  improved 

ou tgass ing  c h a r a c t e r i s t i c s  w e r e  ob ta ined ,  t h e  o u t g a s s i n g  of t h e  o i l s  w a s  

not e l i m i n a t e d .  When i t  was concluded t h a t  t h e s e  o i l s  were a d d i t i v e s  

which could  not  be expec ted  t o  cu re  i n t o  t h e  s i l o x a n e  network, a thermal  

vacuum pos tcu re  t r e a t m e n t  w a s  undertaken and produced e x c e l l e n t  r e s u l t s .  

The ou tgass ing  of o i l  w a s  completely e l i m i n a t e d ,  and t h e  o u t g a s s i n g  

parameters  were low, i . e . ,  i n i t i a l  weight l o s s e s  of less than  1% and 

r a t e s  of 0 . 0 1  t o  0 .1% p e r  hundred hour s .  

I t  w a s  found t h a t  t h e  percent  weight l o s s e s  of t h e  Adhes ive /Sea lan ts ,  

RTV 102 ,  108 ,  and 112 were very s i m i l a r ;  a l l  had i n i t i a l  weight l o s s e s  

of about  6 . 0 % ,  and a l l  evolved o i l s  w i t h i n  t h e  f i r s t  hour of h e a t i n g .  

RTV 106 is a s i l i c o n e  adhes ive  in tended  for h igh  tempera ture  u s e ,  and 

t h e r e f o r e  i t  is  not  s u r p r i s i n g  t h a t  i t s  thermal  vacuum p r o p e r t i e s  were 

s u p e r i o r  t o  t h e  o t h e r s .  

Because of t h e  d i f f i c u l t y  encountered i n  o b t a i n i n g  r e l i a b l e  or 

meaningful mass spec t roscopy  d a t a  on t h e  outgassed  v o l a t i l e s  i n  t h e  

thermal vacuum s t u d i e s  of epoxide a d h e s i v e s ,  no such  a n a l y s e s  were 

a t t empted  f o r  t h e  RTV s i l i c o n e  rubbe r s .  I t  i s  easy  t o  p r e d i c t ,  however 

*This i s  t h e  maximum amount suggested by GE. 
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what v o l a t i l e  m a t e r i a l s  may be expected from t h e s e  m a t e r i a l s .  The major 

product  (low molecular  weight s i l i c o n e  o i l s ) ,  has  been e x t e n s i v e l y  

d i s c u s s e d  e l sewhere  i n  t h i s  r e p o r t .  Although t h e  manufac turer  s ta tes  

t h a t  t h e  uncured RTV s i l i c o n e  rubber p o t t i n g  compounds a r e  100% s o l i d s ,  

t h i s  i s  not  t r u e  of t h e  cured  materials. Reference  t o  the  c r o s s l i n k i n g  

mechanism of RTV s i l i c o n e s  ( s e e  Appendix A ,  r e a c t i o n  I )  shows t h a t  each  

c r o s s l i n k  formed r e s u l t s  i n  two moles of a l c o h o l  ( g e n e r a l l y  methanol) 

which is very  v o l a t i l e  and shou ld  p re sen t  no d i f f i c u l t i e s .  Most of t h i s  

a l c o h o l  may be expec ted  t o  evapora te  d u r i n g  t h e  c u r e  c y c l e ,  and i f  

e l e v a t e d  tempera tures  a r e  employed i n  c u r i n g ,  i t  should  d i sappea r  

a l t o g e t h e r .  V o l a t i l e s  formed i n  the  c u r i n g  of t h e  Adhes ive /Sea lan ts  

(Appendix A ,  r e a c t i o n  11) p r e s e n t  a more s e r i o u s  problem. These 

m a t e r i a l s  c u r e  w i t h  the  e v o l u t i o n  of a c e t i c  a c i d ,  which i s  less v o l a t i l e .  

I t  i s  a d v i s a b l e ,  t h e n ,  t h a t  a l l  Adhesive/Sealants r e c e i v e  some t r ea tmen t  

b e f o r e  use  i n  s p a c e c r a f t .  

I t  i s  necessa ry  t h a t  a l l  t h e  s i l i c o n e  materials t e s t e d  i n  t h i s  

s tudy  be s u b j e c t e d  t o  some mod i f i ca t ion  of pos t t r ea tmen t  o r  fo rmula t ion  

t h a t  w i l l  e l i m i n a t e  t h e  o u t g a s s i n g  of low molecular  weight s i l i c o n e  o i l s .  

Although t h e  vacuum p o s t c u r i n g  technique was q u i t e  s u c c e s s f u l  i n  

e l i m i n a t i n g  t h e s e  o i l s ,  i t  i s  r e a l i z e d  t h a t  t h i s  t r ea tmen t  might no t  be 

f e a s i b l e  f o r  many s p a c e c r a f t  a s sembl i e s .  For some u s e s  a more s u i t a b l e  

method might be changes i n  r e s i n  fo rmula t ion  which would i n v o l v e ,  f o r  

example,  an a l t e r n a t i v e  means of v i s c o s i t y  c o n t r o l .  
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CONCLUSIONS 

I t  has  been found t h a t  a l l  t h e  RTV s i l i c o n e  compounds t e s t e d  i n  t h i s  

s t u d y  are  u n s u i t a b l e  f o r  s p a c e c r a f t  u se  when cu red  a s  recommended by t h e  

manufac turer ,  due t o  t h e  l a r g e  amounts of l o w  molecular  weight s i l i c o n e  

o i l  evolved  under s imula ted  space  c o n d i t i o n s .  At tempts  t o  e l i m i n a t e  t h i s  

o i l  by pos t cu r ing  i n  a i r  a t  s e r v i c e  tempera ture  and by i n c r e a s i n g  t h e  

amounts of c u r i n g  agent  i n  t h e  r e s i n  were not  s u c c e s s f u l  s i n c e  o i l  w a s  

s t i l l  evolved from t h e  tes t  specimens. 

I t  w a s  found t h a t  t h i s  v o l a t i l e ,  condensable o i l  may be removed from 

a s i l i c o n e  rubber  bj. h e a t i n g  t h e  rubber  t o  150°C a t  abou t  

f o r  24 hour s ;  t h i s  t rea tment  g r e a t l y  improved t h e  o u t g a s s i n g  c h a r a c t e r -  

i s t i c s  of t h e  s i l i c o n e  materials.  I t  i s  r e a l i z e d ,  however, t h a t  t h i s  

t r ea tmen t  may no t  be  P e a s i b l e  f o r  a l l  s p a c e c r a f t  a p p l i c a t i o n s  of t h e  

s i l i c o n e  rubbe r s .  

mm Hg 
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APPENDIX A 

CHEMISTRY OF (P0LY)SILOXANES 

I- 

, -  

The silicone polymers discussed in this report are based on the 

polymeric siloxane structure 

Where R is either phenyl or methyl. 

to gums depending on their molecular weight, and may be crosslinked 

under certain conditions t o  form a polymer network of the form 

The linear poly siloxanes are fluids 

-0 

-0 

I 
-9i- 

R-s i -R 

-Si- 
I 

? 
9 

R-bi-R' 
6 

-hi-0- 
'-"-O-I 1 

The intermediate in the formation of the siloxanes is the hydroxy 

silane, formed by hydrolysis of the corresponding chlorosilane. 

8 '  

L J 

The materials discussed in this report all have methyl as the R group; 

R' may be either another methyl, as is the case f o r  RTV 60 or 11, or it 

may be phenyl, as for RTV 511 or 560. The phenyl and methyl silicones 

have a number of properties which render them especially suitable f o r  

commercial applications. Of particular interest for space application 

is their high hea-t stability, accompanied by retention of physical 

properties, such as flexibility , over a broad temperature range (-70' to 

2 5 0 O C ) .  They are also chemically inert and very stable toward oxidation. 

The silicone rubbers are crosslinked structures. The silicone 
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p r e p a r a t i o n  ob ta ined  from t h e  manufacturer c o n s i s t s  of a mixture  of l ong  

c h a i n  s i l o x a n e  gum, an  i n o r g a n i c  f i l l e r ,  and an  o x i d i z i n g  agen t  or 

c a t a l y s t .  Dibuty l  t i n  d i l a u r a t e  was employed i n  a l l  s t u d i e s  r e p o r t e d  

above e 

I n  t h e  room tempera ture  cured  materials,  c r o s s l i n k i n g  t a k e s  p l a c e  

between t h e  hydroxy s i l a n e  c h a i n  ends and a lkoxy1 groups on a c r o s s -  

l i n k i n g  a g e n t :  

(1) 
C a t a l y s t  

I =Si-OH + RO-Si-OR + HO-Si= 

ESi-O-Si-O-Si= + 2 ROH 
I 

A second type  of room t empera tu re  cured  rubber  is  kept  i n  a c l o s e d  

c o n t a i n e r  such as a tube  u n t i l  u sed .  On exposure  t o  a tmospher ic  moi s tu re  

t h e  rubbe r  c u r e s ,  as  a r e s u l t  of h y d r o l y s i s  of t h e  a c e t y l o x y  group: 

=Si-0-COR + HOH-=Si-OH f RCOOH ( 1 1 )  

The hydroxyl group i s  t h e n  a v a i l a b l e  f o r  c r o s s l i n k i n g .  The one-part  

Adhes ive /Sea lan t s ,  RTV 102 ,  106 ,  108, and 112 a r e  undoubtedly of t h i s  

t ype  

Under h igh  vacuum, t h e  pure  s i l o x a n e  polymer i s  s t a b l e  t o  350-4OO0C; 

a t  h i g h e r  t empera tu res  t h e  S i -0  bonds a r e  broken and reform a s  v o l a t i l e ,  

low molecular  weight f r agmen t s .  In commercial s i l i c o n e s  t h e  deg rada t ion  

t empera tu re  i s  much lower ,  p r i m a r i l y  because of t h e  p re sence  of i m p u r i t i e s  

i n  t h e  polymer. In  p r a c t i c e  i t  has been found t h a t  thermal  s t a b i l i t y  i s  

a l s o  s e n s i t i v e  t o  m o i s t u r e ,  oxygen, and o x i d a n t s ,  a s  w e l l  a s  t race 

i m p u r i t i e s  . 
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